The European corn borer (Ostrinia nubilalis Hbn.) has been causing damage to maize crops (Zea mays L.) in Poland since the 1950s. Initially, this pest occurred on maize only in the south-western part of Poland, but since 1994 it has also been observed in the south-eastern part. 
INTRODUCTION
The European corn borer (ECB) (Ostrinia nubilalis Hbn.) is a moth (Lepidoptera) from the family Crambidae, subfamily Pyraustinae (ITIS 1996) . Harmful effects are caused by caterpillars of this species, which can grow up to 25 mm in body length (Walczak 2007) .
ECB is a remarkable polyphagous insect (Bengtsson et al. 2006) . Its hosts are many plant species from various families (Brindley and Dicke 1963) . Dicke (1932) reportaed that the list of host plants include approximately 200 species in Michigan state, while Lewis (1975) recorded 233 species in the US. However, maize remains the major host plant (Poos 1927; Brindley and Dicke 1963) and is the only one which encourages mass-scale reproduction of this pest (Häni et al. 1998) .
Owing to the growing global maize cultivation area the European corn borer has found favourable conditions for development. It has become one of the major maize pests in Europe, Asia and on the American continent. It was probably accidentally brought from Hungary or Italy, at the beginning of the 20th century (Calvin et al. 1991; Got et al. 1996) . The particularly serious harm caused by this species is recorded in the warmer regions of the world where maize is cultivated (Welling 1989) . Manson et al. (1996) and Bode and Calvin (1990) reported that damage to maize caused by O. nubilalis create losses which, together with expenses for its control in North America, range from 1.0 to 1.22 billion dollars a year. Hyde et al. (2001) reported an even higher economic loss of close to 2 billion dollars a year.
ECB is also one of the most serious maize pests in Poland (Lisowicz and Tekiela 2004; Bereś and Pruszyński 2008) . In many cultivations in the southern part of Poland, caterpillars of this moth damage from 50 to 80%, and locally up to 100% of plants, causing a 20-30%, and locally a 40% loss, in maize grain yield (Lisowicz and Tekiela 2004) . Based on estimates in 2005, the ECB caused a loss in over 40% of the maize cultivation area intended for grain in Poland. This translates into 272 000 hectares, and economic losses associated with caterpillar feedings in that period were estimated at PLN 230 million (Warzecha and Bereś 2008) .
In Poland O. nubilalis was recorded for the first time by Judenko (1938) between the First World War and the Second World War on hops (Humulus lupulus L.) and millet (Panicum miliaceum L.). O. nubilalis was recorded in the eastern part of the country at that time, in the province of Lubelskie. The first confirmed information concernming the occurrence of this species on maize dates back to the 1950s. In that period the pest was recorded only in the south-western part of Poland, where the entire Polish maize cultivation was concentrated (Kania 1962a, b) .
With the growing popularity of maize cultivation on Polish land, the range of this species distribution has widened. The ECB occurred in south-eastern Poland for the first time on maize in 1994, at that time in the Rzeszowsk-ie and Przemyskie provinces (Lisowicz 1995 (Lisowicz , 2001 (Lisowicz , 2003a . Findings from the detailed studies by Lisowicz (1995) demonstrated that in 1994 O. nubilalis occupied eleven provinces in south-western, western, southern and southeastern parts of the country. Since 1994 no detailed observations were conducted concerning the expansion of this species on maize in Poland. Only a few studies were conducted on a regional scale.
Knowledge of the actual distribution range of this pest is important for decision making-regarding the need for pest control. Therefore, it was necessary to update information on the distribution of this species in Poland. An update is essential particularly in those areas where the ECB has recently occurred for the first time because under favourable weather conditions the damage done by this pest can gradually increase. According to Lisowicz (2003b) , within 9 years in the south-eastern part of Poland the harm caused by caterpillars of O. nubilalis increased from 2.7% of plants damaged in 1994 to 96.0% in 2002.
Owing to the great damage done by the European corn borer to maize crops in Poland, this species was monitored as an agrophage of cultivated plants. Such monitoring is part of an official programme carried out by the State Plant Health and Seed Inspection Service (SPHSIS). Within a limited scope, studies on the regional occurrence of ECB are also conducted by the Institute of Plant Protection -National Research Institute (IPP -NRI).
The objective of the conducted study was to specify the actual distribution range of caterpillars of the ECB on maize in Poland. The study was based on data collected by SPHSIS and IPP -NRI in 2004-2008. 
MATERIALS AND METHODS
Observations regarding the nationwide occurrence of the ECB on maize were conducted by inspectors of the SPHSIS in -2005 -2008 -2005 SPHSIS's inspectors carried out analyses focused on the identification of the pest on plants in all counties in Poland where maize was cultivated. Depending on the cultivation area, from 50 to 150 plants at the ripening dough stage (BBCH 85) (Adamczewski and Maetysiak 2002) were inspected. On small maize crops on up to 1 ha, 50 plants were observed, while on fields of more than 1 ha, the number of plants increased to 150.
In 2007-2008 observations were carried out based on the methodology provided in an annex to a manual for plant inspection services concerning forecasting, alerting and data recording (Instrukcja 2006) . For these plant inspection purposes, from 100 to 150 plants were inspected (25 consecutive plants in a row) in several test places, in each district where maize was cultivated. Searches for signs of caterpillars feeding were undertaken. The numfber of observed plants depended on the size of the maize farms. On small fields 100 plants were observed, while on large fields more than 1-2 ha, the number of observed plants increased to 150. On cultivations of over 2 ha the number of test places was increased by two per additional hectare. Analyses were carried out at the end of August and the beginning of September, when plants were at the ripening dough stage (BBCH 85). At this stage damage caused by the pest was most visible.
Additional observations concerning the occurrence of the European corn borer in the Podkarpackie province, the eastern part of the Małopolskie province and the western and south-western Lubelskie province were conducted by personnel of the IPP -NRI, Regional Experimental Station in Rzeszów in [2004] [2005] [2006] [2007] [2008] . In each district within these provinces at the end of August and the beginning of September, when plants were at the BBCH 85 stage, observations were carried out on 1 to 8 maize farms with a focus on damage caused by caterpillars of O. nubilalis. In each field, depending on its size, 25 consecutive plants were analysed in a row, in 4-8 test places (in total 100-200 plants).
In all the years of the study, observations were terminated when any signs of caterpillars feeding were recorded. A district was considered infested by O. nubilalis if any signs of ECB caterpillars feeding were recorded in one maize crop.
RESULTS
In 2004-2008 weather conditions were highly diversified in different regions. According to Michalski (2005a, b) , 2004 was one of the most unfavourable years for maize cultivation in Poland in the last 30 years. This resulted from the combination of such factors as unfavourable weather conditions in spring, drought in central-western Poland during maize flowering, a cold and rainy autumn and ground frosts in September.
Also 2005 did not facilitate maize cultivation because in spring in many regions of Poland, cold weather continued and this inhibited or delayed plant growth. Prolonged drought was recorded between June and mid-July. An insignificant increase in humidity was observed in the second half of July and persisted until early August. After that period, until the end of the maize vegetation season, precipitation intensity decreased again (Michalski 2006) .
In 2007 The year 2004 was unfavourable for pest development. The ECB occurred in twelve provinces, causing damage to maize plants in 93 districts. The majority of the counties in which caterpillars of O. nubilalis infested maize fields were in the Podkarpackie, Świętokrzyskie and Opolskie provinces. Monitoring carried out with a focus on pest distribution did not demonstrate any signs of caterpillars feeding on maize in the area of four provinces located in northern Poland, i.e. Kujawsko-Pomorskie, Pomorskie, Warmińsko-Mazurskie and Podlaskie (Fig. 1) .
During the dry, hot year of 2005, the distribution range of the ECB in Poland did not widen significantly. Damage to plants caused by caterpillars of O. nubilalis were recorded in 106 districts located in 14 provinces. As in 2004, the majority of the counties in which maize crops were infested by ECB were recorded in three provinces: Podkarpackie, Świętokrzyskie and Opolskie. In addition, the first signs of damage to maize plants were recorded in the KujawskoPomorskie (3 districts) and Podlaskie provinces (2 districts).
In 2005 damage to maize plants caused by caterpillars of O. nubilalis was observed in all provinces except the Pomorskie and Warmińsko-Mazurskie provinces (Fig. 2) . A dynamic increase in the distribution range of the ECB in Poland was observed in [2007] [2008] . During this period, weather conditions were favourable for pest development, which caused an increase in the number of maize cultivations demonstrating signs of pest feeding.
All together in 2007, damage to plants caused by caterpillars was recorded in 187 districts located in fourteen provinces in Poland. That year the highest number of districts in which maize crops were infested by ECB were recorded in the following provinces: Dolnośląskie (25 districts), Lubelskie (15 districts), Lubuskie (12 districts), Małopolskie (13 districts), Opolskie (11 districts), Podkarpackie (21 districts), Śląskie (18 districts), Świętokrzyskie (13 districts) and Wielkopolskie (25 districts) (Fig. 3) .
In 2008 the number of districts in which maize crops were infested by ECB decreased insignificantly. That year damage caused by caterpillars was recorded in 185 districts. As in 2007, the majority of damaged maize fields were recorded in the Dolnośląskie, Lubelskie, Lubuskie, Małopolskie, Opolskie, Podkarpackie, Śląskie, Świętokrzyskie and Wielkopolskie provinces. In addition, the number of districts where maize crops were infested by caterpillars in the Łódzkie and Podlaskie provinces increased significantly (Fig. 4) .
In 2007-2008 the two most northerly provinces in Poland, i.e. Pomorskie and Warmińsko-Mazurskie, were still free from damage caused by caterpillars of O. nubilalis.
DISCUSSION
The ECB is a maize pest of high economic significance, because the annual global losses caused by this pest in maize crops are estimated at billions of dollars. Apart from pest control and its biology, monitoring of distribution is a significant part of studies on this species. It allows for ongoing analysis of pest expansion directions, which helps authorities to take appropriate advanced measures to control the pest population and the damage.
In Poland the monitoring of the distribution range of the ECB has been carried out on a very small scale. The first data concerning the occurrence of this pest on maize date back to [1957] [1958] [1959] [1960] [1961] . According to Kania (1966) , in that period the ECB caused damage in three provinces: Opolskie, Wrocławskie and Zielonogórskie. For a long time, from 1961 to 1993, no detailed studies on the distribution range of this species were carried out in Poland. Finally, the distribution range of this pest on maize was specified in 1994 by Lisowicz (1995) . According to this author, in 1994 the ECB caused damage in maize crops in 11 provinces: Gorzowskie, Jeleniogórskie, Kaliskie, Legnickie, Leszczyńskie, Opolskie, Przemyskie, Rzeszowskie, Wałbrzyskie, Wrocławskie and Zielonogórskie. In comparison to the distribution range for O. nubilalis determined by Kania (1966) , within about 30 years the pest widened its range by an additional 7 provinces. Lisowicz (1995) reported that a particularly dynamic expansion of the range and damage caused by the ECB occurred in the warm years of 1992-1994. Lisowicz also indicated possible directions of future ECB expansion in Poland. According to him, in the 1990s or later, the pest population present in south-western and western Poland would spread its range towards the north and north-east, while the population present in the Przemyskie and Rzeszowskie provinces would expand towards the south, north-west, north and north-east.
Further studies conducted by Wałkowski and Bubniewicz (2004) Lisowicz (1995) , demonstrated that within 14 years a particularly intensive increase of the distribution range of the ECB occurred in south-eastern, eastern and central Poland.
The expansion of O. nubilalis in Poland was largely facilitated by weather conditions. In 2004-2005, when weather conditions were unfavourable for pest development, the number of provinces with recorded damage to maize plants caused by caterpillars was lower. Later, in 2007 Later, in -2008 , when weather conditions were favourable for both the development of maize and the ECB, a dynamic increase in the pest's distribution range in Poland was observed.
The favourable combination of weather conditions enables the moth to fly in and colonize new areas. Poos (1927) emphasized that although no long-distance moth flight had been observed during the day, at night their natural expansion may be supported by wind. It has been assumed that the ECB spreads 3-5 km a year (Cordiltlot and Duelli 1989; Lisowicz 1995) , while in the US the spread reaches 32-42 km (Schurr and Holdaway 1965) .
The increase in the population size and harm caused by this pest in Poland is also facilitated by simplified crop production methods, monoculture, crop residues left on the field, late ploughing before winter, global warming, and especially by the growing area of maize cultivation (Kania 1962b; Lisowicz 1996) . It is assumed that in future years (if the weather is warm) the ECB may also spread to the most distant northern regions of Poland. The growing popularity of maize cultivation in the north makes the possibility of this happening even more so. However, if weather conditions are less favourable to pest development, its distribution will be limited to the warmest regions of southern Poland (Bereś 2007 (Bereś , 2008 .
CONCLUSIONS
The observations which were carried out demonstrated that the ECB is currently one of the most widespread maize pests in Poland. Its distribution range increased from 93 infested districts in 2004 to 185 districts in 2008. Expansion of the pest was largely facilitated by weather conditions persisting during the maize vegetation season.
Further monitoring of maize cultivations in Poland for the presence of moths or caterpillars of this pest is necessary owing to the significant damage this species causes to maize.
